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The Nature of an Exact Law
Newton stated his law in universal terms. He was not content
to apply it to the falling apple and the earth and moon. He said
every object in the universe attracts every other object with a force
which is proportional to the product of their masses and inversely
proportional to the square of their distance apart.
It is easy to miss the significance of so compact a statement.
More than the mere fact of attraction is given. The law illustrates
beautifully the sort of thinking that goes on in those sciences which
attain the ideal (and the power) of exact and general laws. When,
for example, one quantity A is found to be proportional to another
quantity B, we know that not only does the first increase when the
second increases: they increase in the same ratio. If B is doubled,
A automatically doubles. If B is halved, A is halved. But if A
were inversely proportional to B, it would decrease when B in-
creased, and vice versa. If B doubled, A would automatically be
halved.
Thus the law of gravitation can be understood. The force is pro-
portional to the product of the masses. Let two bodies of 10 and 20
tons mass, respectively, be attracting each other. The product of
their masses is 200. Replace them with bodies of 5 and 8 tons. The
product is 40, which is one-fifth of the original product. Hence
they attract each other only one-fifth as strongly as the first pair.
Now suppose we move the original masses farther apart, in-
creasing the distance from 10 feet, say, to 20. The force is inversely
proportional to the square of the distance. Ten squared is 100, and
twenty squared is 400, or four times greater, so the new force is only
one-fourth the former. '
Finally, let both changes occur simultaneously. We have seen
that the increase of distance reduced the force to a quarter of its